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This study provided analysis of the distribution of solids, volume of solids by 
weight and volume of discharge of the backwash operations at Sheahan Pumping Station. 
The sample data was analyzed statistically against factors that potentially affect the 
results. The combination of the data and statistical analysis helped formulated a theory of 
how the solids behave within the recovery basin. The suggested behavior of the suspended 
solids within the recovery basin is supported by visual observations, recovery basin 
characteristics, residual pump location and suspended solid data. Knowing the behavior of 
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CHAPTER 1- INTRODUCTION 
Most drinking water systems use a form of filtration to capture and reduce 
suspended solids in the water treatment process (Satterfield, 2005). Solids accumulate 
within the filter media, which needs to be backwashed periodically to remove the clogged 
particles (Minnesota Pollution Protection Agency, 2007), in order to maintain the 
effectiveness of the filters. During the backwash process, water is forced through the 
filter system in a reverse direction generating backwash water. The backwash water can 
be disposed into a wastewater treatment facility, landfill, or can be used as construction 
fill or land application (Minnesota Pollution Protection Agency, 2007). 
For over 60 years, Memphis Light, Gas, and Water (MLGW) water treatment 
stations discharged backwash water directly into the storm drain system or receiving 
streams. In 1982, federal regulation reduced the allowable iron concentration discharge 
limits. The new regulation initiated sampling studies performed by MLGW to sample and 
analyze the backwash quantity and properties. The study determined that six water 
treatment stations were in violation of compliance and the backwash water needed to be 
discharged into the sanitary sewer system. MLGW eventually retrofitted six pumping 
stations with backwash water treatment facilities and sewer connections.  The City of 
Memphis granted MLGW the Industrial Waste Water Discharge Agreements, and six 
pumping stations presently are discharging into the sanitary sewer.  
The Industrial Waste Water Discharge Agreements report that Memphis Light, 
Gas and Water (MLGW) in 2009 discharges approximately 107.5 million gallons of 
backwash water containing approximately 1,326,576.76 lbs of iron oxide annually. In 
2009, MLGW was charged $193,124.26 to discharge backwash water from six water 
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pumping stations. MLGW currently submits the total volumetric backwash discharge of 
the six water pumping stations that discharge to the sanitary sewer to the City of 
Memphis Public Works. Along with a volumetric charge, MLGW is charged with an 
additional solids treatment fee. The historically reported suspended solids (SS) 
concentration has no record of verification. With the impending expiration of MLGW’s 
Industrial Waste Water Discharge Agreement with the City of Memphis’ Division Public 
Works, MLGW is seeking to test the SS concentration over the time of discharge and 
verify the volume discharged. The purpose of this thesis is to create a sampling, testing 
and analysis plan for volume and total suspended solids of backwash water discharge at 
the MLGW Sheahan Pumping Station. Based upon analysis of backwash water quality, 
the results from this study will be used to discuss and recommend a feasible testing 
schedule and changes in the water treatment plant operation to potentially reduce the City 













CHAPTER 2- LITERATURE REVIEW 
 
MLGW Backwash Water Characteristics 
The Memphis Sand and Fort Pillow Sand freshwater aquifers supply raw water 
for MLGW’s water treatment stations. At Sheahan Pumping station, 23 wells draw water 
from the Memphis Sand for treatment. The Memphis Sand “consists primarily of a thick 
body of fine to very coarse sand with clay lenses at various horizons. Some lignite occurs 
locally. Thickness ranges from 500 to 890 feet but probably averages about 750 feet at 
Memphis” (Brahana, Parks, & Gaydos, 1987).  As a byproduct of filtering groundwater, 
backwash water contains similar components to raw groundwater. Ground water quality 
data in the Memphis Sand from 105 wells “contains a dissolved solid concentration range 
from 32 to 333 mg/L” and a median iron concentration of 550 µg/L (Brahana et al., 1987). 




Figure 1 - Minimum, median and maximum values for selected major constituents and 
properties from water from Memphis Sands at Memphis, Light, Gas and Water Division 
Well fields (Brahana et al. 1987). 
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According to the 2007 sewer discharge permit at Sheahan pumping station, the 
backwash water contains ferric and manganic oxide solids. The filters are also washed 
with treated water, which includes sodium hypochlorite (chlorine), fluoride and 
polyphosphate. Visually, the discharge water is a dark reddish brown color. 
Satterfield’s report on filter backwashing recomends discharging the backwash 
water directly into the sanitary sewer system. To prevent overloading the sanitary system, 
volume, concentration of solids and time of discharge should be taken into consideration. 
When a sewer connection is not possible, settling basins can be utilized as a pretreatment 
for the backwash water prior to discharging into a neabry stream with the proper National 
Pollutant Discharge Elimination System (NPDES) permit. Backwash water can also be 
recycled. The backwash is routed through a basin to allow the solids to settle out and the 
decant water is pumped back into the water treament plant  (Zane Satterfield, 2005). 
 
Regulatory Requirments  
NPDES Permitting. The Environmental Protection Agency (EPA) has set forth 
recommended water quality criteria, based on available scientific information, to help 
protect aquatic life and human health  (U.S. Environmental Protection Agency, 2011). 
The Clean Water Act regulates that any entity discharging any pollutants in waters in the 
United States must obtain a permit. The National Pollutant Discharge Elimination System 
(NPDES) Permit Program and the National Pretreatment Program are used to enforce 
water quality standards and managed industrial waste discharge. Typical NPDES permits 
include discharge limitations and monitoring and reporting requirements. The EPA has 
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also identified ‘priority pollutants’ which can be harmful to humans or aquatic life at low 
levels. Figure 2 lists the priority pollutants as of 2001. 
EPA’s Guide for Industrial Waste Management gives guidelines for consideration 
for developing a monitoring program for storm-water discharges. The guidelines include 
how to determine a representative storm for sampling, type of samples, sampling 





Figure 2 - Proprietary Pollutants (U.S. Environmental Protection Agency, 2011) 
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Iron Effects. Kari Matti Vuori (1995) reviews the effects of iron on river 
ecosystems. Direct effects to animals occur when iron is introduced through consumption 
of food or water. At concentrated levels, dissolved iron and iron particles have adverse 
effects of aquatic life. Possible effects in aquatic systems include damaged gills in fish 
and potential cellular and DNA membrane damage. Iron precipitates can also physically 
smother surfaces and clog pores. Other potential effects include interference and 
reduction of light quantity and quality in river ecosystems. Studies have suggested that 
the number of species of fish is significantly decreased in streams with higher dissolved 
iron concentrations (Vuori, 1995). In 2011 Callaghan, it is reported that ferric iron 
“hydrolyzes to produce hydrated iron oxide and more acidity”. The lower pH water is 
corrosive and also increases other dissolved metals. “Acid waters typically have fewer 
species and a lower abundance and biomass of macroinvertebrates than near-neutral pH 
waters” (Callaghan, 2011).  
Iron in the water distribution system can be aesthetically offensive leaving stains 
in bathtubs and sinks (Worsnop, 1994) and causes reddish brown spots in fabric  
(Callaghan, 2011). “The taste threshold of iron in water has been given as 0.1 and 0.2 
mg/L of iron from ferrous sulfate and ferrous chloride respectfully. It has been reported 
that ferrous iron imparts a taste at 0.1 mg/L and ferric iron at 0.2 mg/L. Staining of 
plumbing fixtures occurs at 0.3 mg/L” (Callaghan, 2011). Iron also can causes 






Memphis Sewer Ordinance. The City of Memphis defines an industrial user as 
any discharge that is subject to “Categorical Pretreatment Standards under 40 CFR 403.6 
and 40 CFR Chapter I, Subchapter N. and/or has a discharge flow of 25,000 gallons or 
more per average work day and/or; has a discharge which is greater than five percent 
(5%) of the hydraulic flow and/or organic design capacity of the portion of the City of 
Memphis Wastewater System being utilized and/or; has a discharge which contains toxic 
pollutants or Priority Pollutants as defined pursuant to Section 307 of the Act of 
Tennessee Statutes and Rules and Regulation”  (City of Memphis - Division of Public 
Works, Sewer Use Ordinance - Chapter 33, 2011), which is in line with the EPA’s 
industrial classification. As defined in section 33-84 of the Memphis Sewer Ordinance, 
the industrial waste water agreements are issued for a maximum time period of five years 
with annual review. The approving authority may also issue a permit valid for less than 
one year “in the event plant or process changes or modifications are necessary” (City of 
Memphis - Division of Public Works, Sewer Use Ordinance - Chapter 33, 2011). The 
user also has the right to modify the agreement with the city’s approval.  
The ordinance sets limits of the characteristics of this discharge, which include 
pH, temperature, viscosity, solids, and heavy metal content.  Acceptable pH limits are 
between 5.5 and 10. A low pH may damage associated structures or interfere with the 
treatment operation. The maximum temperature limit is 104 degree Fahrenheit. The 
Sewer Use ordinance specifies “any wastes or wastewaters shall not include solid or 
viscous substances in quantities of such size as to be capable of causing obstruction to the 
flow in sewers, or other interference with the proper operation of the wastewater 
facilities”  (City of Memphis - Division of Public Works, Sewer Use Ordinance - Chapter 
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33, 2011). Heavy metals including but not limited to iron, chromium, copper, and zinc 
are restricted and require approval prior to discharge. 
Section 33-107 gives the city authority to determine the necessary sampling and 
monitoring requirements of industrial discharges which may include meters and sampling 
stations. The plans for the monitoring facilities require approval from the City of 
Memphis prior to construction.  The facility is to be constructed and maintained at the 
owner’s expense. Any required testing shall follow “the current edition of Standard 
Methods for the Examination of Water and Waste Water, published by the American 
Public Health Association” (City of Memphis - Division of Public Works, Sewer Use 
Ordinance - Chapter 33, 2011) unless otherwise approved by the Division of Public 
Works. The method, sample point, and frequency of sampling are typically outlined in 
the Industrial Waster Water Discharge Agreement. The ordinance also allows for the 
approving authority to utilize data of discharge characteristics of similar types of 
businesses or process.  
Per the Rules of the Tennessee Department of Environment and Conservation 
(TDEC)  revised in 2001, the Tennessee Department of Public Health over sees the 
“records of the operation and maintenance of sewerage facilities”  (TDEC, Tennessee 
Government , 2001). Samples are to also be submitted to the Tennessee Department of 
Public Health as directed. “The supervision, operation, and maintenance of sewerage 
systems shall be of such character as in the opinion of the Tennessee Department of 
Public Health will produce satisfactory results as judged by current standards of the 
Department. Evidence of competency may be required if and when deemed necessary by 
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the Commissioner to insure proper operation and maintenance of any public sewerage 
system” (TDEC, Tennessee Government, 2001). 
TN State law prohibits the interconnections with sewer and potable water supply. 
“No person shall install, permit to be installed or maintain an interconnection or other 
connection between any part of the sewerage system or any appurtenance and a potable 
water supply or a public water supply in such manner that sewage or waste may find its 
way into or otherwise contaminate any potable or public water supply” (TDEC, 
Tennessee Government, 2001). 
 The precipitation of iron can also affect water turbidity levels, which is regulated 
by the Tennessee Department of Environment and Conservation. The General Water 
Quality Criteria states that the water cannot have turbidity or color in amounts which 
cannot be reduced to acceptable concentrations by conventional water treatment 
processes (TDEC, 2008). Potable water “shall not contain iron at concentrations that 
cause toxicity or in such amounts that interfere with habitat due to precipitation or 
bacteria growth” (TDEC, 2008). 
Cost Calculation. The City of Memphis charges industrial customers with two 
types of charges: volumetric and additional treatment. The volumetric charge rate is 
applied per 1000 gallons of discharge. The volumetric charge rate includes treatment for 
typical domestic strength sewage. The ordinance defines the equivalent strength of 
domestic sewage limits as having a five (5) day BOD of 250 milligrams per liter and 
Suspended Solids (SS) limit of 300 milligram per liter. Any sewage discharge that 
exceeds the established limits is charged an additional treatment cost. The total cost for 
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industrial customers is the volumetric charge plus any additional treatment charge the 
industrial customer may occur. 
 
Historical Sampling of Backwash  
Sampling for NPDES Permits. From 1924 to 1971, the iron backwash from each 
pumping station was discharged daily without treatment into storm drain systems. 
MLGW was required to obtain a permit from the Army Corps of Engineers to discharge 
and later received an NPDES permit from EPA in (Memphis Light, 3/3/1986). The 
federal standard at the time did not include iron concentration limits. 
In 1979, EPA transferred the permitting authority to the State Department of 
Health and Environment. At the time, Tennessee’s limit of iron concentration was 10 
mg/1. The sampling requirements included a grab sample at an unknown frequency. The 
sampling location was at the point of discharge into the storm system during the 
backwash operation, which varied for each pumping station. The Health Department's 
Division of Water Quality Control, in 1982, reduced the effluent iron limitation from 10 
mg/1 to 5 mg/1 and began requiring composite samples rather than grab samples 
(Memphis Light, 3/3/1986). A sampling study was performed by MLGW in 1982 and 
determined that six pumping stations did not meet the discharge limitations. MLGW 
agreed to build backwash water recovery systems over the next 5 years which discharge 
into the sewer system. After the completion of retrofits at two pumping stations, 
MLGW’s president in 1984, Larry Papasan, requested justification on spending an 
estimated $2,000,000 on retrofitting the remaining four pumping station. MLGW and the 
State Department of Health and Environment agreed to do a sampling study on the 
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discharge into the storm drain system. A sampling plan of 300 ml at every 30 seconds 
throughout the backwash cycle at each pumping station was performed at sampling points 
which varied at each pumping station. The time of backwash ranged from 14-28 minutes 
per day depending on the pumping stations and number of filters backwashed. The results 
showed that one of the four pumping stations did not exceed the 5 mg/l limit of iron. 
MLGW was allowed to utilize an existing pond as a settling pond at one pumping station 
and two pumping stations had to be converted.  In August of 1985, MLGW appealed the 
decision and again with the Department of Health and Environment performed a study on 
the impact of the discharge on the receiving streams. The sampling plan took into account 
varying weather conditions and included testing three days after a rain storm, two days 
after a rain storm and during the rain storm. MLGW and a certified lab both tested 
samples at various sampling points throughout the receiving streams and discovered that 
preexisting iron concentration within the stream exceeded the state limit. The iron 
concentrations within the stream were supported by a U.S. Army Corps of Engineers 
stream survey project performed in 1978-1984 (Memphis Light, 3/3/1986). MLGW 
requested a variance based on the iron concentrations within the stream exceeding the 
concentrations being discharged. MLGW currently has constructed six recovery basins in 
Shelby County.  
 
Post Retrofit Sampling at Sheahan Pumping Station. Upon the conversion of 
recovery basins, little documentation is available pertaining to the actual sampling 
requirements for the industrial waste water discharge permits in the 1980’s. The City of 
Memphis has performed grab samples at undocumented sampling points from 1993-
13 
 
2008. The results of the grab samples at Sheahan Pumping station date as far back as 
1996, however; the city’s documents, at Sheahan, showed that consistent sampling only 
occurred in two year increments from 2002-2008. The samples were tested for pH and 
BOD5 only in 1996 and 2002. Suspended solids were tested in 2002, 2004, 2006, and 
2008. The industrial waste water discharge agreement approved on February 17, 2007 at 
Sheahan pumping station identifies the sampling point to be at “the discharge pipe of the 
pump prior to the sewer” (Industrial Waste Water Discharge Agreement, 2007). The 
agreement at the time also allows MLGW to self monitor and sample the discharge. This 
authority is designated by the city ordinance 33-83 section ‘f’ and reads “Self-
monitoring, sampling, reporting, notification and record keeping requirements including 
an identification of the pollutants to be monitored, sample location, sampling frequency, 
and sample type, number, types and standards for tests, based on the applicable general 
pretreatment standards in part 403 of the Federal Regulations, categorical pretreatment 
standards, local limits, and State and local law” (City of Memphis - Division of Public 
Works, Sewer Use Ordinance - Chapter 33, 2011). MLGW currently self reports annually 
the volume of discharge.    
 
Current MLGW Water Treatment Operation at Sheahan Pumping Station 
In the water treatment process at MLGW, ground water is aerated then routed 
through sand filters. The oxygen exposure during aeration oxidizes soluble iron into 
precipitate, which is then trapped between filter particles. In order to maintain the 
porosity within the filter media, the sand filters are backwashed to remove the trapped 
particles. The backwash byproduct is pumped into a settling basin allowing the decant 
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water to be reintroduced in the filters. The residual water is then pumped into the sewer 
system. For treated water that enters the distribution system, MLGW currently operates 
under a maximum monthly average turbidity limit of 1 (NTU) in addition to a two 
consecutive day average turbidity limit of 2 (NTU) and iron concentration of 0.3 mg/L.  
Backwash Cycle. Sheahan pumping station has 10 filters. The filters are 
backwashed in a consecutive three-day cycle. The number of filters backwashed is 3-3-4 
in the 72-hour cycle. Plant operators backwash the filters daily during operation.  
Maintenance to the water operation process may result in a day without backwash. If the 
backwash cycle is interrupted, then the cycle resumes the following day. One plant 
operator typically backwashes and maintains two pumping stations a day. The pumping 
stations are paired together systematically for travel distance and operated as morning 
and afternoon stations. Sheahan is typically an afternoon station. At Sheahan pumping 
station, the filters can be backwashed two different ways: manually or with an automated 
timed process. The manual process consists of the operator arriving at the pumping 
station and starting the backwash process. The operator will continue to visually monitor 
the water turbidity and color and stop the backwash process when the backwash water 
becomes clear. The timed process is an automated backwash process. However, the timed 
process still has to be initiated by the plant operator. The plant operator arrives at the 
pumping station and starts the backwash process by physically pressing a button.  
Recovery Basin. The recovery basin at Sheahan is an approximately 85’ x 85’ 
rectangle with a cone shaped bottom. The recovery basin overflows at 11 ft of water. 
Water Operations installed an overflow alarm at 10 ft of water, which shuts off all 
backwashing processes preventing an overflow into the pumping station basement. The 
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maximum capacity is approximately 406,000 gallons to the over flow alarm and 460,000 
gallons at the overflow limit. The purpose of the recovery basin is to maximize the 
recycling of the backwash water and minimize the volume discharged to the sewer. The 
water that is recycled is called the decant water and the remaining water and sludge is 
called the residual. Only the residual is discharged into the sewer. As shown in Figure 3, 
the residual pump is located centered in the bottom of the recovery basin.  
 
 
Figure 3 - Recovery Basin schematic at Sheahan Pumping Station 
 
In 2008, the City of Memphis constructed a dedicated sewer lift station for 
Sheahan Pumping station to increase sewer capacity in the University of Memphis area.  
MLGW relocated the residual discharge line to the new sewer lift station. During the 
calibration of the lift station, visual observation of the sewer discharge displayed the non-
uniform characteristics in the color of the discharge, which changed drastically over the 
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first 15 minutes into the process. The discharge of the residual line appeared visually to 
clear up within thirty 30 minutes of the discharge, which did not support the reported 
concentration amount. Because of this, the study was undertaken, and methodology will 






















CHAPTER 3 - METHODOLOGY  
 
Objectives 
The objectives of this research include: 
1) To create a sampling, testing and analysis plan for backwash water discharge 
volume and total suspended solids at Sheahan Pumping Station. 
2) To recommend a feasible testing schedule and changes in the water treatment 
plant operation to potentially reduce the City of Memphis sewer discharge fees.  
The following sections will outline the methodology used to determine an appropriate 




With the current backwash schedule and operation, the pumping station’s residual 
pump depends on many variables including the backwash start time and duration, iron 
concentration of ground water and volume of ground water treated. Even with the 
automated backwash process, the time the plant operator starts the process is a variable in 
the system. The backwash cycle also discharges into the sewer during late to early 
morning hours, which prohibits manually grabbing samples without incurring substantial 
labor cost. Along with addressing these challenges, a sampling plan was needed to 
identify the most cost effective sampling point and way to collect samples. The Water 
Operations staff was able to modify the backwash schedule of Sheahan to the morning, 
which in turn, moved the residual start time to between 4 p.m. and 7 p.m. An automatic 
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sampler was necessary due to the duration of the discharge.  Two possible sampling 
points were identified during this research, including: 
1. The point of discharge into the sewer at lift station, and  
2. A 4” PVC pipe on top of the recovery basin. 
The 4” PVC pipe, shown in Figure 4, was chosen as a sampling point due to an existing 
valve that was modified with a fitting to attach a 3/8” vinyl hose from an automatic 
sampler. The sampler used was an ISCO 6712 Full-size Portable Sampler. The sampler is 
battery operated and equipped with 24 half liter polypropylene bottles. The software on 
the sampler allows for uniform time and non-uniform time intervals. The sampler was 
programmed to collect samples at nonuniform intervals. The sampler’s program was 
manually started at the time the residual pump automatically turned on. Upon starting the 
sampling program, the sampler purged the line, drew 500 mL of sample, repurged the 






Figure 4 Sampling Point and Automatic Sampler at Sheahan Pumping Station 
 
Base Run Sample 
To determine the characteristics of the discharge over time, samples were taken 
over the course of the discharge cycle. Due to the noted drastic change in discharge color 
from dark to light during visual observations, the first proposed sample schedule, shown 
in Table 1, included 10 samples at 3-minute intervals to capture the drastic change in 
solids concentration. The interval is the time in between each sample and the duration is 
the composite time from the start of the discharge process.  After the initial spike, it was 
expected that the level of solids would remain constant throughout the remaining cycle. 
Historical records indicate that the residual pump typically does not run for more than 9 






Base Run Sampling Schedule 
Time 



























 The samples were capped the following morning and taken to the University of Memphis 
Environmental Laboratory for analysis. The contents within the sampler were shaken and 
transferred to labeled 1 liter bottles. The sampler’s bottles were washed, air dried and 
reused. A total solids analysis, gravimetric method HACHs Method 8271, was used to 
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determine the amount of solids of the backwash. Total Solids analysis at the time was 
selected to determine the maximum potential solids from the filter backwash. 
An aluminum dish for each sample, which had previously been heated and stored in a 
dessicator, was labeled and weighed to the nearest 0.1 mg and recorded. The samples 
were stirred to mix the suspended solids and a 50 mL sample was added in the aluminum 
dish. The dish was then placed in a preheated oven at 103–105 °C for approximately six 
hours. Upon total evaporation, the dish was placed in a dessicator to cool and weighed 
with the dry sample. The original weight of dish is subtracted from the weight of the dish 
with the dried sample and then multiplied by 1000 to find the concentration of solids in 
mg/L. 
 
Modified Solid Concentration Testing 
Upon analyzing the initial base run sampling test, the sampling plan was modified 
to best fit the distribution of solids. Due to limited time and budget constraints and 
consideration of the initial sampling results, data for one 72-hour backwash cycle, 3 
discharge runs, was determined to be sufficient to determine the general dispersions of 
solids concentration during the residual discharge process. Suspended Solids analysis was 
conducted to verify the accuracy of the reported suspended solid concentrations shown in 
the industrial waste water permit. The sampler was programmed with the modified 
nonuniform intervals shown in Table 2. The sampler’s program was manually started at 
the time the residual pump automatically turned on. Upon starting the sampling program, 
the sampler purged the line, drew 500 mL of sample and then repurged the line.  A total 
of 51 samples were collected and analyzed for the modified study. 
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Table 2  
Modified Sampling Schedule 
Time 



























The samples were shaken and transferred to labeled 1 liter bottles.  The sampler’s 
bottles were washed, air dried and reused. After collecting samples for three full days 
(resulting in 51 samples), a sampling kit for Total Suspended Solids was ordered from 
Environmental Testing & Consulting (ETC) and the samples were transferred to the 
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laboratory provided containers. The lab performed total suspended solids, standard 
method 2540D, and emailed the data from the laboratory analysis.  
An analysis of variance was performed to determine whether the time of sample 
collection has a significant effect on solids concentration and whether the suspended 
solids concentration varied significantly over the three days of sampling. An analysis of 
variance single factor with blocking was used to determine the significance of each 
factor/block. For the analysis of variance by time of sample, the weighted suspended 
solid concentration is the factor while the duration of the sample is the block. For the 
analysis of variance by day of sample, the day of sample is the block while suspended 
solid concentration for each day is the factor. The null hypothesis assumes that there are 
no significant differences between each group. These analyses will help design the 
change of operation to minimize the discharge costs. 
 
Flow Rate Monitoring 
An ultrasonic time flyte machine, a Polysonics DCT7088 Portable Digital Transit 
Time Flowmeter provided by Water Operations was used to measure the flow rate within 
the discharge pipe. The flow meter utilizes “ultrasonic, digital, and transit time 
correlation technologies to provide indication, totalization, and signal transmission of 
liquid flow rate in full pipes”  (Thermo Scientific). The flow rate was logged every 
minute throughout the duration of the discharge. The volume can be calculated by 
multiplying the flow rate with the duration of the discharge cycle. The flow rate was 
measured on separate days because the calibration process and the placement of the 
diodes for the time flyte machine requires a full flowing pipe. MLGW operators have to 
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turn on the residual pump therefore interfering with any sampling for solids during the 
normal discharge cycle. The flow data was logged into the time flyte machine, which was 
connected to a computer and extracted into a spreadsheet format. An analysis of variance 
single factor with blocking was performed to see if the days of discharge have a 
significant effect on volume of discharge. The measured flowrate is the factor while the 
day of sample is the block. The null hypothesis assumes that there are no significant 



















CHAPTER 4 – RESULTS & DISCUSSION 
 
Initial Base Sampling Run for Total Solids 
The distribution of solids from the base run supported the visual observations of 
solids during the 15 minutes of the discharge period. The concentration decreased after 
the initial spike and remained constant throughout the discharge period. Table 3 displays 
the intervals and solids concentrations for each sample. No liquid was present in Bottle 1 
and Bottle 24. By starting the sampler at the precise start up moment of the residual 
pump, the sampler began drawing samples before the residual pump generated enough 
head to overcome the height of the basin. The residual pump drained the basin prior to 
the start of sample 24. The base run captured an unexpected spike in solids, recording a 
data point of 5038 mg/L of solids at the end of the cycle. Figure 5 shows the initial drop 


















































































































Figure 5 - Results for total solid concentration for initial base run testing on 7/29/2010 
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Table 3  
Results for Total Solid Concentration for Initial Base Run  
Testing on 7/29/2010 
 
Time TS (mg/L) 
Duration (min) Intervals (min) 7/29/2010 
0 - - 
3 3 1142 
6 3 158 
9 3 114 
12 3 112 
15 3 148 
18 3 98 
21 3 98 
24 3 88 
27 3 110 
30 3 84 
45 15 110 
60 15 98 
75 15 104 
90 15 94 
120 30 98 
150 30 106 
180 30 100 
240 60 116 
300 60 96 
360 60 78 
420 60 100 
480 60 5038 
540 60 - 
 
 
Modified Sampling Run for Suspended Solids 
Sampling runs were performed on 3 weather-permitting days on 5/11/2011, 
5/12/2011, and 5/16/2011. Based upon the base run, sampling intervals were adjusted to 
collect 3-minute interval samples after 8 hours within the cycle. Due to the consistent 
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concentration of solids from 15 minutes to 420 minutes, a 120-minute sample interval 
was added after 120 minutes within the cycle.  From 480 minutes, 11-3-minute intervals 
were added to isolate and duplicate the spike in solids at the end of the cycle. Table 4 
shows the summary of the testing results. 
 
Table 4   
Summary of Results for Suspended Solid Concentration  
Date 5/11/2011 5/12/2011 5/16/2011 
Total time duration (min) 492 495 489 
# Samples 17 18 16 
Average TSS (mg/L) 135.13 97.13 126.45 
Max (mg/L) 10700 7200 11300 
Min (mg/L) 2 3 2 
TSS by Weight per Day (kg) 38.30 28.04 35.62 
Filter # Backwash 4,5,6 7,8,9, 10 1,2,3 
 
 
The data of the modified sampling interval duplicated the increase in solid concentration 
at the end of the cycle. The duration of the cycle ranged from 489 to 495 minutes. The 
suspended solids data supported the visual observations of solid discharge clearing up 
within 15 minutes into the discharge cycle. Figure 6 gives a visual representation of the 
color of the samples. The fifteen 15-minute sample is the 6
th
 bottle from the left. The 
bottles on the right show the spiked solids concentration at the end of the cycle. 
Table 5 shows the results of the suspended solids analysis and the time weighted 
concentration for the discharge cycle. On 5/11 and 5/12, the backwash cycle ended within 
495 minutes into the discharge and on 5/16 ended within 492 minutes in the discharge. 




Figure 6 - Samples from 5/12/11 
 
Table 5   
Results for Suspended Solid Concentration for Modified Nonuniform Intervals  
 
Time TSS (mg/L) Avg TSS*Time (mg*min/L) 
Duration (min) 5/11/2011 5/12/2011 5/16/2011 5/11/2011 5/12/2011 5/16/2011 
0 800 600 580 - - - 
3 45 12 22 1267.5 918 903 
6 19 7 10 96 28.5 48 
9 11 12 8 45 28.5 27 
12 8 3 9 28.5 22.5 25.5 
15 6 5 29 21 12 57 
60 3 6 4 202.5 247.5 742.5 
120 2 6 3 150 360 210 
240 5 5 2 420 660 300 
300 4 3 2 270 240 120 
360 3 8 2 210 330 120 
420 4 3 2 210 330 120 
480 68 5 180 2160 240 5460 
483 520 3 820 882 12 1500 
486 1220 14 4300 2610 25.5 7680 
489 7500 880 11300 13080 1341 23400 
492 10700 7200 0 27300 12120 16950 




As shown in Figure 7, 8, and 9, the new sampling schedule not only duplicated the drop 
in concentration at the start of the discharge but also isolated the end concentration spike 

























































































































































































































































































































































Behavior of Suspended Solids in Sheahan’s Recovery Basin Theory 
A theory was formulated while visually observing a sample of the discharge 
water. As show in Figure 10, the settleable solids do not readily slide along an 
approximate slope of 20°.  The settleable solids appear to have little or no response to 
surfaces with a mild slope.  Figure 10 shows a backwash discharge sample in a 
transparent glass bottle. However, as shown in Figure 11, when in contact with the free 










Figure 11 - Effects of Free Water Surface on Suspended Solids 
 
This observation, along with the characteristics of the recovery basin floor and 
location of the residual pump suggests that once the solids settle evenly within the basin 
floor, the majority of the solids will not gravitate towards the pump until the free water 
surface elevation drops below the floor elevation. With the coned shape bottom of the 
recovery basin, solids would gradually accumulate along the free water surface as the 
residual pump drains water. Figure 12 shows the free water surface elevation within the 
residual pump pit at the end of the discharge cycle. As the pump drains the water from 
the basin, the free water surface elevation accumulates the settleable solids within the 
entire surface area of the basin floor, which are then deposited in the pump pit therefore 






Figure 12 - Residual Pump Pit at Sheahan Pumping Station 
 
This theory would also explain the rapid drop of in solids concentration upon the start of 
the discharge. The remaining solids from previous cycle and newly settled solids within 
the pump pit cause higher concentrations of solids within the first 6 minutes during the 
discharge cycle. Upon removing the residual solids within the pump pit, the discharge 
would remain clear until the free water surface elevation draws near to the top of the 
pump pit.  
 
Analysis of Variance 
As shown in Table 6, the ANOVA demonstrates that the observed ‘F’ value 
(4.899872) of the row blocking is higher than the calculated F critical value (1.971683) 
which rejects the null hypothesis at a 5% level of significance.  The data validates that 
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weighted suspended solid concentration is significantly affected by the time the sample is 
taken during the discharge. However, when grouped by per day, an ANOVA 
demonstrates that the observed ‘F’ value (0.559897) is lower than the calculated F critical 
value (3.294537), which validates the null hypothesis at a 5% significance level, that 
there is no difference between suspended solids concentration between each sampling 
run.   The data suggests that the suspended solid concentrations do not change 
significantly daily. Therefore, any proposed operation change should take into 
consideration the distribution of solids throughout the discharge cycle, but can neglect 

















Table 6  
Analysis of Variance for Suspended Solid Concentration mg*min/L 
SUMMARY Count Sum Average Variance   
Row 1 3 3088.5 1029.5 42539.25   
Row 2 3 172.5 57.5 1206.75   
Row 3 3 100.5 33.5 99.75   
Row 4 3 76.5 25.5 9   
Row 5 3 90 30 567   
Row 6 3 1192.5 397.5 89775   
Row 7 3 720 240 11700   
Row 8 3 1380 460 33600   
Row 9 3 630 210 6300   
Row 10 3 660 220 11100   
Row 11 3 660 220 11100   
Row 12 3 7860 2620 6970800   
Row 13 3 2394 798 558828   
Row 14 3 10315.5 3438.5 15162652   
Row 15 3 37821 12607 1.22E+08   
Row 16 3 56370 18790 60147300   
Row 17 3 37500 12500 1.24E+08   
       
Column 1 17 65002.5 3823.676 58731628   
Column 2 17 38365.5 2256.794 32751087   
Column 3 17 57663 3391.941 45741746   
       
       
ANOVA       
Source of 
Variation SS df MS F P-value F crit 
Rows 1.56E+09 16 97448520 4.899872 6.62E-05 1.971683 
Columns 22270422 2 11135211 0.559897 0.576763 3.294537 
Error 6.36E+08 32 19887971    
       
Total 2.22E+09 50         





Flow Rate Monitoring Results 
The flow rate was logged in gallons per minute at one (1) minute intervals. Table 
7 displays the summary of the three-day test results. The duration of the discharge ranged 
from 491-492 minutes. The calculated discharge ranged from 69,935.84 gallons to 
75,461.43 gallons per day. 
 
Table 7  
Summary of Results for Flow Rate Monitoring  
Date 5/28/2011 5/29/2011 5/30/2011 
Total time duration (min) 491 492 491 
Volume (gallons) 75461.43 69935.84 70589.95 

















































Figure 13 - Flow Rate over Time Recorded by the Time Flyte 
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Table 8   
Analysis of Variance for Flow Rate Monitoring Data 
SUMMARY       
Groups Count Sum Average Variance   
5/28/11 492 75461.43 153.3769 315.2556   
5/29/11 492 69935.84 142.146 1288.878   
5/30/11 492 70589.95 143.4755 144.2886   
       
       
ANOVA       
Source of 
Variation SS df MS F P-value F crit 
Between Groups 37053.69 2 18526.85 31.78896 3.05E-14 3.001833 
Within Groups 858475.6 1473 582.8076    
       
Total 895529.3 1475         
 
 
Analysis of Variance 
An ANOVA analysis demonstrates that the observed ‘F’ value (31.78896) 
between each day is higher than the calculated F critical value (3.001183) which rejects 
the null hypothesis at a 5% level of significance. The data suggests that the flow rate 
varies from day to day. The logged data ranged from 610.23 to -272.46 gpm, which 
suggests possible interference within the flow of the pipe. Figure 13 shows the disruption 
in the flow rate captured by the time flyte machine.  The only available set up location of 
the time flyte machine was also near a pipe bend which, was not recommended by the 
manufacture. The fixed float height and discharging from the same basin should yield the 
same volume of discharge per day. The variance of flow rate per day was not expected 
due to a constant speed residual pump which is expected to pump at a specific flow rate 
at a given head. The change in flow rate should only change as the recovery basin water 
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level is drained, changing the discharge head on the pump. The observed flow data is 
























CHAPTER 5 - CONCLUSION 
This study provided analysis of the distribution of solids, volume of solids by 
weight and volume of discharge of the backwash operations at Sheahan Pumping Station. 
The sample data was analyzed statistically against factors that potentially affect the 
results. The combination of the data and statistical analysis helped formulated a theory of 
how the solids behave within the recovery basin.  
The recorded flow data suggested the volume of discharge to be within 10% of 
the reported discharge amount. The ANOVA analysis suggested that significant change 
in flow rate occurs between each day of discharge. The time flyte study suggests that 
MLGW is over reporting the volume discharged at Sheahan Pumping by approximately 
3%-10% (2,800-7,800 gallons) daily. 
The nonuniform interval sampling provided data which supported and isolated the  
drop in suspended solid concentration from the start of the discharge and isolated the 
spike in solids at the end of the discharge. Within 6 minutes of starting the residual 
discharge on the modified solids testing days, suspended solid concentrations for 3 
sampling days were all below the 300 mg/l suspended solids limit. The spike in solids 
captured during the base run was duplicated and isolated in the last three samples, which 
were all above the 300 mg/l suspended solids limit, for each day. The nonuniform 
interval sampling suggests that suspended solid levels above the 300 mg/l level are 
isolated to the start and end of the discharge. The combined time of discharge with 
concentrations higher than the limit is less than 5% of the total discharge per day.  
The data for the suspended solid concentrations, suggest that the average 
concentration during the discharge is well below the 300 mg/l suspended solids limit. 
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Similar results at the remaining five pumping stations would eliminating the additional 
treatment charge.  From the total of $193,172.22 waste water fees for six MLGW 
pumping stations in 2009, $84,591.74 is an additional treatment charge attributed to the 
historical suspended solids concentration of 1783.5 mg/L. Elimination of the additional 
treatment charge would result in a 43.79% reduction in waste water fees.  
ANOVA analysis suggests that the suspended solid concentrations did change 
over the duration of the discharge but did not change significantly daily despite the 
number of filers backwashed. Any proposed operation change should take into 
consideration the distribution of solids throughout the discharge cycle, but can neglect 
any daily change in the volume of suspended solids.  
The suspended solids data from this study supports the theory that the initial 
higher levels of suspended solids concentrations is due to the solids left in the residual 
pump pit from the previous day’s discharge. When the residual pump is turned on, the 
solids in the pump pit are purged from the pit as discharge. This may explain why the 
suspended solid concentration is well below 300 mg/l only after 6 minutes into the cycle. 
The suspended solids concentrations remain below 300 mg/l as the basin drains until the 
free water surface converges onto the pump pit. The free water surface pushes all the 
solids into the pump pit, spiking the suspended solid concentration during the last 15 
minutes of the discharge. If the formulated theory of the behavior of suspended solids in 
Sheahan’s Recovery Basin is accurate, draining the basin completely would be necessary 
to remove the solids. This information should be incorporated into any proposed changed 
in operation to reduce the volume of the discharge.  
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The sampling study which was performed is limited to 3 days of sampling and the 
volume and suspended solid concentration averages are isolated to the month of May 
2011 and only at Sheahan Pumping Station. Annual data for each pumping station would 
be required to validate the elimination of the additional treatment charge.  
This research has formulated a theory to help understand the distribution of solids 
during the discharge of the backwash water. The suggested behavior of the suspended 
solids within the recovery basin is supported by visual observations, recovery basin 
characteristics, residual pump location and suspended solid data. Knowing the behavior 
of suspended solids within the basin is critical in designing an optimized backwash 
operation. 
 
Recommendations to MLGW include:  
1. Install permanent flow meters to monitor the volume discharged into the waste 
water system. 
2. Design and test an optimized discharge operation at each pumping station to 
reduce the volume of discharge while maintaining water production standards. 
3. Install monitoring stations to collect samples for data to support eliminating the 








CHAPTER 6 – FUTURE RESEARCH 
Future research could include testing the significance of the seasonal climate to 
the volume of suspended solids by weight. Annual data of suspended solid concentration 
at all pumping stations would be required to eliminate the additional treatment charge and 
show that the observed suspended solid concentrations are not limited to the time of 
sample. The behavior theory of solids within the recovery basin could also be tested at 
the remaining pumping stations. Lastly, future research should be performed in analyzing 
the physical properties of the solids in the backwash content to seek alternative uses. If 
the solids can be dewatered, extracted and utilized, MLGW would eliminate sewer 
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